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during the Brigantian and into the Serpukhovian. Substantial upper Viséan cooling identified herein is 24 in good agreement with global glacioeustatic records. 25
26
Supplementary material: Further information on the palaeogeography, lithostratigraphy and 27 palaeoenvironments of the sections examined as well as the sample composition and analytical 28 methodology of oxygen isotope analyses is available at www.geolsoc.org.uk/SUP00000. 29
The Permo-Carboniferous glaciation (late Palaeozoic ice age [LPIA] ) is recognised as one of the most 30 significant in Earth's history and has also been identified as an important analogue for modern climate 31 (Montaňez, et al. 2007) . Despite this, considerable disagreement remains, particularly concerning the 32 timing of the main phase of glaciation. Earlier studies proposed a relatively simplistic protracted 33 glaciation throughout much of the Carboniferous and Permian (e.g. Veevers & Powell 1987) . More 34 recently, discrete glacial and temperate episodes have been recognised superimposed on larger-scale 35 climate trends (e.g. Fielding, et al. 2008) . 36
Glaciogenic deposits and erosional surfaces provide, essentially, the only direct evidence for past 37 glaciations. However, significant difficulties are associated with their use in this respect, since they are 38 often undateable, extensively reworked or even completely eroded during subsequent glacial advances 39 . For this reason, distal proxies have become popular for reconstructing ancient 40 "Ice-house" phases. By definition though, proxies only provide a substitute record and all of the 41 controlling factors of the 'system' must be well-understood before palaeoclimatic interpretations are 42
attempted. 43
The proliferation in the use of stable isotopes, particularly those of oxygen, to construct high-resolution 44 records of palaeoenvironmental shifts has demonstrated the potential for well-understood proxy 45 systems. The bulk of published work has focussed on utilising carbonates as isotopic media; however, 46 as ancient carbonates are susceptible to diagenetic alteration, screening of older samples is vital. 47
Discrepancy between conodont and ichthyolith δ 18 O. A "vital-effect" is discounted as an 77 explanation for the offset between the two phosphatic media analysed since no evidence exists for the 78 fundamental physiological difference between fish and conodonts which would be required to explain 79 the essentially stable discrepancy across the range of taxa analysed. Additionally, an offset of a greater 80 magnitude has been identified between similar fish and conodont taxa in coeval but thermally more 81 mature strata elsewhere in Ireland (Barham 2010 (Fig. 3) . 165
The reasons for the disagreement between supposedly globally representative oxygen isotope records 166 are not entirely clear at present. Despite the usefulness illustrated by isolated studies of low-magnesium 167 brachiopod calcite, the dataset compiled by Frank et al. The palaeogeographic spread of samples is a particularly pertinent consideration since the majority of 172 oxygen isotope studies are based on sequences deposited in epeiric seas which, due to their somewhat 173 restricted nature are more susceptible to local palaeoenvironmental-induced heterogeneities in 174 δ 18 O seawater (Brand, et al. 2009 ). It may be inaccurate to compare the absolute values of coeval oxygen 175 isotope analyses from different continental seas since they likely had different δ 18 O seawater properties. 176
The sedimentary strata examined in this study were all deposited from the same regional watermass and 177 where stratigraphic overlap exists, δ 18 O apatite values are found to be very consistent (Fig. 1) . In any case, 178 only the δ indicates periods suggested to be glaciated by that particular study. Black arrows mark the proposed 295 onset of significant cooling at the base of the Asbian. All data are plotted relative to the timescale of 296 Davydov et al. (2004) . 297
